The spine is the most common location for skeletal metastases, and the incidence of spinal metastasis shows an increasing tendency. Because metastatic spinal tumors progress from an anterior element to a posterior element resulting in continuing destruction of the pedicles, epidural extension and involvement of neural structures of the metastatic tumor are eventually visible. Therefore, it is clinically significant for radiologists to understand the pathophysiology of spinal metastasis and to assess the involvement of neural structures and the disintegration of spinal instability related to the pathophysiology. As MRI is also the best imaging modality for diagnosing spinal metastasis, radiologists should accurately assess spinal metastasis and provide practical information to physicians. Therefore, we will describe some analysis points focusing on the understanding of pathophysiology of spinal metastasis and the next step toward a more extensive clinical approach using MR imaging.
INTRODUCTION
The spine is the most common site for skeletal metastases, and the incidence of spinal metastasis tends to increase due to the increase in older populations and improvements in medical treatment, such as chemotherapy and radiotherapy (1, 2) . However, previous reports have focused on tumor detection and the differential diagnosis with other diseases and it was insufficient to provide physicians with practical information for the treatment of spinal metastasis.
Spinal metastasis results in neural compression and spinal column instability that can be cause significant pain, neurologic complications or both (3) . These clinical representations of spinal metastasis seem to be correlated with the pathophysiology of the spinal metastasis described in the past (4) . Therefore, we propose two learning objectives in our study. The first is to understand the pathophysiology of the spinal metastasis resulting in clinical symptoms and complications. The second is to evaluate the MR examination while focusing on some analysis points providing practical and useful information regarding the next step for a further developed clinical approach. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Pathophysiology of Spinal Metastasis
In the initial stage of spinal metastasis, the metastatic tumor more often occurs in the vertebral body than in posterior element due to the high vascular red marrow of the vertebral body. At this time, cancer patients complain primarily of pain. In the advanced stage, as the spinal metastatic tumor grows from the anterior to the posterior element, successive destruction of the pedicles and spinal epidural extension of the metastatic tumor occur (Fig. 1) . At this time, cancer patients complain of both pain and neurologic complications resulting from neural compression and spinal instability (5, 6) . And depending on the clinical situation, patients may require surgical intervention or radiation therapy (7) . Therefore, it is very valuable for radiologists to understand this pathophysiology of spinal metastasis and to evaluate the neural involvement of the neural structure and loss of spinal stability related to the pathophysiology.
Analysis in MR Imaging of Spinal Metastasis
Anatomical Classifications
Spinal metastasis can occur in three regions including the extradural, intradural extramedullary, and intramedullary regions (4) . As most spinal metastases (more than 98%) occur in an extradural location, anatomical classification of the extradural location is very important (8) . Anatomical (Fig. 2 ) composed of seven categories according to whether the metastasis is contained within the spinal bones (intracompartmental, Fig. 3 ), out of the bones (extracompartmental, Fig. 4 ) or with multiple vertebral involvement (Fig. 5) . Though there are various anatomical classification systems, this is a simple classification which is easy to remember and to apply and which shows the natural stages of metastatic tumor progression from involvement of the vertebral body to the pedicles and posterior elements, to extradural and paravertebral space, and to adjacent vertebrae (1).
Neural Compression
Neural compression caused by a metastatic tumor of the spine can result in significant pain and serious neurologic consequences. Patients may present with radicular abnormalities, myelopathic abnormalities or a combination of both (3, 6, 10) . As much as 10% of cancer patients can show symptomatic spinal metastasis at their initial presentation, and pain is the most common symptom of spinal metastasis (2) . Pain is classified as three, classic pain syndromes, i.e. local, mechanical, and radicular pain. Local pain originates from the region or segment of the spine affected by the metastatic tumor. Mechanical pain is accelerated with movement of affected the spinal segment. Radicular pain can occur due to irritation, compression or invasion of the nerve root by epidural extension of the metastatic tumor (3) (Fig. 4) . Spinal cord compression can also cause pain (11) (Fig. 6 ). Among the patients showing spinal cord compression, 90% present with pain and 47% present with neurologic symptoms. The second most common finding in patients showing neural compression cause by a metastatic spinal tumor is motor dysfunction. Especially in patients with metastatic epidural spinal cord compression, approximately 60-85% of such patients may present with motor weakness at the time of their diagnosis (4). Finally, neurologic complications include sensory deficit and autonomic dysfunction (6) . Therefore, the accurate information regarding the neural compression caused by 
Spinal Instability
For patients with spinal metastasis, spinal instability is a significant factor upon which physicians plan a treatment (12) . The loss of spinal instability can result in movementrelated pain, progressive deformity and neural compromise under the physiological load (13) . Tumor-related pathologic fracture can also not only cause pain, but can cause neurologic complications due to the loss of spinal integrity (10, 14) (Fig. 7) . Because pathologic metastatic fractures of the spine can cause a debilitated state due to the pain and motor weakness, it is worthwhile for radiologists to assess degree and complication of spinal metastatic fracture detected by MR imaging (15) . However, as previous reports did not provide an evidence-based guideline for the evaluation and treatment of spinal instability, the diagnosis of spinal instability has been difficult. In response, the Spine Oncology Study Group (SOSG) developed the Spinal Instability Neoplastic Scale (SINS) by collecting literatures as well as the opinions of clinical experts (Table 1) . SINS determines the score of spinal instability by adding together six, radiographic and clinical components. The radiographic components include the radiographic spinal alignment, vertebral body collapse and posterolateral involvement of spinal elements (9). Fisher et al. (16) recommended SINS as a reliable tool for radiologists evaluating spinal instability, and it is possible to accurately discriminate between stable and potentially unstable or unstable lesions using this classification system. Therefore, radiologists need to become interested in using this classification system when evaluating spinal MR exams.
Special Cases
Leptomeningeal metastasis ( Fig. 8 ): Metastatic spread of tumor cells to the leptomeninges of the central nervous system (CNS) is an increasingly common complication of cancer, resulting in significant neurologic disability and early death. Malignant cells are disseminated within the cerebrospinal fluid and replicate at various sites within the CNS. Cancer cells that penetrate into the cerebrospinal fluid (CSF) can form secondary deposits in the leptomeninges throughout the neuroaxis (17, 18) .
Intramedullary spinal cord metastasis: Intramedullary metastasis of the spinal cord is a rare manifestation of metastatic neoplasm. Early detection is very important because appropriate treatment of intramedullary spinal cord metastasis may slow the rate of neurologic complication (19, 20) .
Treatment Modalities for Spinal Metastasis
Radiotherapy (RT) is the most common initial treatment used by oncologists. The benefits of RT include effective pain control and avoidance of systemic complications that may occur when using chemotherapy. RT is also relatively easy to perform (2) . In the past, the role of surgery for metastatic spinal tumors has been undervalued. However, surgery can improve the mechanical stability, and cord compression and reduce the amount of pain (21) . Chemotherapy is seldom considered as a choice for treatment of metastatic tumor of 
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the spine because of its systemic complication and extended time to pain relief. However, successful chemotherapy can help to shrink the tumor burden and to decrease pain (2, 22) . Finally, epidural steroid injection, vertebroplasty or kyphoplasty are useful options for spinal metastases and metastatic pathologic fractures of the spine in order to control back pain (23) .
In conclusion, it is important for radiologists to accurately understand the pathophysiology and to practically evaluate MR imaging. Analysis in MR imaging of spinal metastasis described in this article, such as the anatomical location, neural compression, and spinal instability, help physicians to choose a better treatment plan.
